(19) B^BHffF/? (JP) (12) & !$f §^ & ^ (A) (ll)!fttm§!&BI## 

#H¥10 -3037 

(43)^ffiB WclOfp (1998) 13 6 0 



(5i)intcr mim ffftmw&n fi mmzm 

G0 2B 15/16 G0 2B 15/16 

3/00 3/00 B 

13/18 13/18 
15/20 15/20 



(21) (HS## ®mW - 153928 

(22) fflSB ¥i£ 8 ^(1996) 6 E 14 B 



ffcSIfeft *S3& W*«©»6 OL (£15 H) 



(71) HISIA 000006079 

*RJfr*RTtrf *Kft±»r=TB 3#13# 

crown* m mm 

*KTfrf>*fc&±nr=TB3#13*t *R 



(54) 



(57) [£*J] 

emu i£ft«**tfiWti6ftx-Au>x*ij>«ci» 

merit. IE(Dlifct>£WT£fl28¥Gr2£. 89s&*> 

GR I NI/>XTft5Sl U>Xcil fefr ft T 

- X * X Jgttt^fflRtfftffl £ 4> #8ffl»tt© G R I 



rl r2 




Ly dl d2 d3 
Grl 




ni2 m3 



(2) 

1 

tarn 1 micffi <m2mt *&&««© u > xs»> 6 & 
i vrti*©»KOT©scr * s ft sm*f*»wa u > x 

4 4 fc , m I BJa*r*#ftS U > X »4>ft < 4 fc 

X ; 10 
N(r) = NO + Nl-r 2 + N2t 4 + N3- + N4 V ■•• 

r: 3feHI«:*fL/t:ai:&^©iKS, 

no : ymi&mvrM. 

2 ] mi am i Mam 2 g¥£^ft-eft 1 

tt©U>Xr»fiS0fcC4*«F«4-rs, Dt&IlElt 
CDX-AU>X 0 

fe, ^4<ifelottHT^tt*«MCi4«fii 20 
f £ BWBI 1 SB»(D X - A U > X ; 

-5.0 < sqn(*C)-Nl /4>C 2 < 10.0 
tctc L . 

sqn(<K ) : HJr*^SU>X*dfal/>X»(OH«f 
*#ft©i*+l, Sff*flftS!U>X4£?t*U>XS¥ 

Ml :ffl*f*»*au>X©2^©H»f*» ; ftff«. 
4>Q :B*f*»WSU>X©JSSf*v ^#>£ 0 

*>Wft««:KK3hfc»llBP4. jE©ffl*ra*Wr5» 30 

tarn i mm < » 2 m t * ^mm> u > xb*> e> & 

lk3^^c4r^f^f ; 5X-Au>Xic^^r, 

N(r) = NO + Nl-r 1 + N2t' + N3 • r* + N4- f ••■ 

fcft: U > 

NO : 3fc#±©lB*r** 40 
Ni Ci=3L.2,3--0 : 2iJK©H*r*$HMIHfc V$>Z> 0 

mms 5 ] iuias 2 mtjs#r*#^M u >x*«it 

£ 4 4 1> fc % fllBSJf U >X©4>& < 4 h 1 *o 
««T©*ff* SWfc-T C 4 4 1- Gtt© 
X-AU>X ; 

-10.0 < Nld2/4>2 2 < 5.0 (4) 
tctc b s 

Nid2 : m 2 »*©H*r*affia! U >X<£> d )Blic*fT 4 2 
«2 : 02«f©«B*r#> 50 



ftHW 1 0 -3 0 3 7 

2 

[»3WB6] «rSBSr2»©Ji}f*»*S[U>Xtt, * 
dypU < 4 1 -3©ffi**#8ffir*S C 4 £f3N§44T 

5, if*3i4fats©x-Au>x 0 

[AH©I^I»I] 

[0 0 0 1 ] 

*-c*^-*rsx- a u^xccRi-rs. 

[0002] 

KttfflStiSX-AU^XtC^-CB, rJXh#^>^ 
3 > ^ * M fc© fc» fc ©ft t BUS l/£r#6A 

>X(GR I NU>X)4fflL^C4«cJ:t), JR^ffilE* 

ftn>& w 

[0 0 0 3 ] »H^2-79013^«CCB, ftft 

£W+£»2l¥£;fo6&SX-AU>XK:;fo(,>T, 02 

*{cgr i Nu>x*ffl^r, miffij&vmzmzzti 
*ti2ft©u>xtr»flELfcW*«H^3tirt»a. 

[0 0 04 ] S/c, »H^2-56515#4i«(CB % ^ffl'J 

wra»2S4^6&sx-Au>xcctec>T, mi§¥ 

SV»2»fcGR I NU>X^t, ^gflftOU> 

xr flteS b tcmifiWTTi Stix^Z. 

[0 0 0 5 ] ttc, «FH¥2-124509^ii$RCCtt, igjftW 

*-ra»2»4^6&ax-Au>X{cfci»T, sifflf 

Syf»2«fCCGR I Nl/>X»t, &®MfeCDU> 
XT «SE L ft: WjWHSk S ft T I > * a 
[0006] 

2-79013-^<&«CC|a*gCDX-AU>Xri3:, GRINU 

>X3W*ffir*sfc»cc, iD®iijE©a*ffi3WjaL. 

«^«fi8^*itt«cr*36:i»©r, u>x«U^EtSd»4 

C ft K±BIJ«-T SC43&sr*a^4C^ o /c„ 

[ 0 0 0 7 ] £ fc, «FBB¥2-565l5^fimRV«FH¥2-l 

24509^^$R{CSB*©X-AU>X-C«, Cft^^GR 

I NU>X}&s»ffl*fctt¥ 3 Ru>xr*Sfc«)«:, u> 

x^s^g^4i^pgjH4, i£ft«rffifflr*c43&5r 
ttftftx- a u>x*^&^*jESt^ra^-r* c 4cc 

[0 00 9] 

ciwi«:JB«-rsft:«>©#a] ±Ea»*aj*rsfc» 

^ il*a»lSiB*6©X-AU>X» k ftftfflJ^eiB 
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m i m t mm 2 m <o^?m *m 1 3 # £ c t x a 

<S* tf ^ a u > xkm >r » c>r hfr ©»«cOT© 

[00 10] 

N(r) = NO + Nl'r 2 + N2t 4 + N3T 6 + N4* r* •■■ 

NO :ym±<Dm$rm, 

[001 1 ] &tt % m>m4%m<Dx-Ai<isx^ m 

&< <b fcUJIBSr 1 8fi fyfafff 2 »©££tiffl[B*^i:3i* 

r&^tt, ftr 2 testis 1 ookim^^ 
act 20 

[0012] 

N(r) = NO + Nl-r 2 + N2*r 4 + N3* r 6 + N4- r* 

*Mtc*t bxmm^^om 3 , 



r 

NO : 3Btt±<D)i*r*, 
Ni (1=1,2,3- ••): 2i;*©HS*$Wt«», 
[0013] 

[00 1 4] Bi7iMBi3K:tetir, min^msmm 
»«©x-au>xw\ «jttffl35pe»jiB{c, © 

©fflff;&**T5m8crt.<fc, jE©JHJr#4Wrs* 
2gfcr2<b, IB0si*6fll«3tiW*. *fc, B4K 
teC>r % »4lSJi»jB©X-AU:/Xtt, 
K» fi©)H*r***-r**l»Crii, IE©H8t*4* 
T£!fl2g¥Gr2£, jE©JBJr^*#rS»3»Cr3i, & 40 

[ 0 0 1 5 ] EI 1 om 1 jaWBfcfcCvC, » 1 fflfcrt 

N(r) = NO + Nl-r 1 + N2t 4 + N3-r B 

fcftiU 

NO : 7fcP4±CDJSJT*, 

Ni (1=1,2,3- ••) : 2i&©JB*T*i*tf<!HBL r#>£ 0 (1) 
«tt, &!5J^!B©X-AU>XKEa3h/cGR I N 50 



*XGiltt3&>6«Jfi34iri^. */c, »2»Gr2tt. « 

thimmimkoGR iNi/>xt*5S2 u>xc2i 

tSc^6»fiJES*iri^. ml7bMm3 

Kft*fr6aa«©x-5>y(oiK©, &u>xg? 

[0 0 l 6] H2©»2Se»»filcc*siir, ^lg¥cn 
x»tt©»l U>Xci<b, WWfcflffitftttfciE-rf- 

fiRstiri^s. mi is>xciR.ffm2 u>xa», or 

tlfc, Wfl/>X^^. Sfc, »2»Gr2«. «9 

WiKiaHirt w fciE-^ - * * xawrwwReHW 

i*>SB»nr*4 4 *3l/>XG33^6«JEK3ti-CC»a. 0 
2CCtet>T. ml7!iMm3«, £fti8*>6S»ia©X- 

= >^©|£©, ^u^xsiaafjR WtC* 
[00 l 7] H3©m3j|JBg,«cctei>r, migfcn 

x*tt©*l U>Xci<b, WWfcOBifiJWfc*-*- 
*#*JBittD3i2 b>XG2i, WWfcOE*l«IttfcIE 

^~**xBtR©»3 u>xc37&>6 4 l^3nri^ 0 m 



3 U>Xtt, ivTftfc, i^U 

Nl/>Xt?*-5»4U>Xc^6fl»)SR3n*. 03tcfe 
t>T> m 1 Mm3it l£ft4B^6S8JM8<DX- 5 >y 

©bo, ftu>x»awRo©*«*»s«cc*Lri» 

[0 0 18] H4©»4^jSBI5S8CC*slir. ^l^Grl 

Cfftffl(ii#»ffl»tt©GR I NU>Xr&£fgl U> 
XGllft^6«J«3tia. ^2g¥Gr2«, WW 

fcOB*ft»fcjE-rf - ^*^»«tSII(Wacf»«IA «> 
^IfttOGR I NU>XT^>4^2 U>XG2^6» 

rtsnr^*. ^3gfcr3«, ttfwccsi^ii* 

©Ciffli^opiOuvXr^ftfflJRWWi «>#»H» 
W©^3 U>XG3ltta>e$/£3ftT^5o I3 1/>X 

G3», H4(C*$l>T 1 m 1 ftM 

10 411, Eft**6Mji«©X-2>y©H© % 

Xfflf a WiR 0 ©^Ki^ ms:Wtc a b x ^ 4 o 

[ 0 0 1 9 ] m 1 M$4»i(DX-Al/>XJC^ 
fcftfcGR I NU>X«, ^rtife, «T©SC«:«t^ 

+ N4- r* • • • ( 1 ) 

U>X#, U>X©/S5f^7fett<bgto*fS]^^{tT 
S^^7'©GR I NU>X(7^GR I NU>X)t 
^6cli^7T>-r o «T©Si?B{Cteor, GRIN 
U>X©|g«, ^^r^GR I NU>X**-r*>©4T 
4 0 



5 

[0 0 2 0 ] SJcffi*4l>tt¥«©GR I N U 

^fc»Tas^±©s*ft#js6r, grinu>x 

itScr****aWE-i-scitt^Mi43hri*a( "d 

esiqn of a qradient-indexphotoqraphic objective" , 
Appl .Opt. ,Vol .21,1982,993-998 (CEttaVBA^tl 
S). X-AU>X{COl>TfeH«©C£##iL X- 

Au>x4*iar*u>xaf4*h-enGR i nu>x 
i^mmbx^tbtcm^ 3&jRg©»EK:*f-rs 

& & 0 1 ttxmm SZL iXFaiftV o fc. 
[0 0 2 1 ] X~A u>X*«fi8TS U>X»* 

#»bj£r * fc «*■««©$ ni«sr U > X©#r «|JES 

ii>&< t«>2tt(DU>XciEU>XlttiftU>Xltt) 

[002 2 ] cnCC>ftLT, SM»X-AU>X 20 

U>XaptCGR I NU>X*ffll^Si<tfcCC. CO 
GR I NU>X©*l>fc< itll^WcbUt^. 
C©flfcSfcJ;~>T, §iR^ffiEO/c^(O^ft±0SSg 
aWMOU X-AU>X*««*SU>X©^4BiI« 

>x<D&m% i ttrttiiSL&^^ApatfcrisfS^ax 

[ 0 0 2 3 J SH«}B)!8©X- AU>X*iSS£-r 30 
U>X«cffll^ti*GR I NU>Xtt, jyT©&#5£ 

-5.0<sqn(4>G ) • Nl /4>G 2 < 10.0 (2) 

sqn(^G ) : GR I N U>X*£t*U>XB©IMra** 

fi©£*+K GR I NU>X*$frU>X«f©JSJr# 

jME©£*-1. ©«!<!: ft S'^-rf-*, 

Nl : GR I NU>X02»CO)I*r*^*fl*, 

*C : GR I NU>X©JB8M^ ^ffS;(2) 40 

GR I NU>X©JBff*5H&CCRI*Sfe©t\ iCC 
GR I NU>X4fflC>fcU>X»©^y^^-;b«rt|jE 
4tf5fc»®*frC*a. C©«H**l*.fc»£K:tt. 
GR I NU>X«cj:*^»^-;l«*||iE3WH*ift4 

[0024] se*. &mmmt<DX-&u>x<D£*> 

0, 4>tt< i«>»lB4*2»©2fiUfflPH*»b3-e« so 



nmW- 1 0 -3 0 3 7 

6 

ctv%.{%&7 5X-AU>Xfc*5i>TW\ je**©3 

>-**Mfc*H*9£-r*&* *2B©iE©H*r#*# 

8ffiU>X©*r«J«Ofcig£ % JRUHKL ttKSlffiJR 
M©*E#BiU&9 v »2#©flWEtSd»^<aoT 

[002 5 ]$/c ^2fflf^lU>X(D^«l/c 
^2#*tCtt, S<gt > &IEU>X£ftU>X©2ft©U 

r*ftr«>2tt©u>x*s£«i&ori^. tLL©J: 

[0 0 2 6 ] CtllCttbX* ®2gf^GR I NU>X£ 

»2»©)B*f*^*»«:3Sc>c 
tfrhs 8I4fctt¥fi©GR I Nl/>Xt?li+»&tt 

fi©iiffia*f#-?sns±. iE©raff**j#-3Si2# 

l»<b|}BB»2»©^aHIPB4^bSi*4c<fcrSf&* 

tf^x-Au>xocfc^r, IS2Bct(i)3;r3t£ft& 

±5ttGR I NU>X*ffll^4i*CC, MffiGRINU 
[002 7] »2»{C»Ci4GRINl/>Xtt, «T© 

-10.0 < Nld2 /4>2 2 < 5.0 (3) 

Mld2 : m2f¥*©GR I NI/>XOd*«;»t8 2« 

©■fWftffiiHk 

*2 : IS 2 §¥©/S#f>^ r&& 0 *ff=S(3)B, ^2B 
*Ccffll*4GR I NU>X©SJf*^«lM*r4fe© 

•e, itcBrt-c©^ > ^^-juWBE*ff 5 /ce*©*fr 

*fc, *fra(3)©TK**liLfci»^K:tt, GRINU 
>XCC<t4^y^^-;l/*affljE^ifi^ift4i^K:, RB 

[0 0 2 8 ] SlgfCCGR I NU>X*fl9^fc*l^0C 
tt, *©GRINU>XB % «T<^feffSl(4), (5), 

[0 0 29] 0 < H< 0.5rtnax CMtAtCto^X * 
cl/dH { yd(ll)} < 0.0 (4) 
0 < H < hfrnax CC^l^T, 



(5) nmw- 10-3037 

7 8 

0.0 < ( V d(H) - yd(0) } / (0) ^ 2.0 (5) 
tctcb. . * ct/dH : »#SE#, 

h: jmtm&tJi^cmS . *>d(H) : GR I NU>Xrtr*tt^eHit^^^»^ 



yd(H) = { Nd(H) - 1 } / 

Nd (H) : j*S»fC©dRffl8f$, 
NF (H) : KSHTOrtlfflSr*, 
NC (H) : ai3Kt?<DGfiB8f^ r&& 0 

-0.3 < (NlAl -Nld )/#lG 2 < 0.2 (7) 

Nidi :gllgf(DGR I NU>X0difSK*tT 

NlAl : mi$t<DGR I NU>X(7)CM^FgW 

*1G : m 1 ?¥*£>GR I N U>X©JSJr;br#>£ 0 SI 1 
SPRIG R I NU>X*fflC>4«^ GR I Nl/>X«i 
fcfeJ|J^*»E**»S4T5. *frSC(4), (5), (7) 
SlSffcGR I Nl/>X^ffl^/c^C^GR I 

<tft£ 0 

[0 0 3 0] SSfcaaSCCGRI NU>X*ffiC>4« 
*©S»f*»*««tt. «TO*frC8)3S«y(g)t*l 

[0 0 3 1 ] -2.0 < Nidi /<*>1G 2 < 5.0 (8) 
I N2dl /<*>1G 4 I < 100 (9) 

Nidi :SlffiP*OGR I NU>X<Dd««:JWa2;JC 

N2dl :fglS*©GR I NU>X<Dd«tcJ*-rS4* 

[0 0 3 2] *ttSt(8)RC;©)W\ ^ 1 SfCCGR I N U 
>X£ffll>fcJ§^fc*©GR I NU^Xtfj&fc-T^SJI 

[003 3]I1 gfiCGR I Nl/>X^ffll^i& G 
[0034] 

-0.2 < <2>lGM/<f>lGS < 0.5 (10) ^ 

-5.0 < (R12 + Rll )/ (R12 

fc/cU 

Rn : m i mmmmv&mt® 

R12 :*l«P««HOfl2Mfiar*S. 
[0 03 8] *frS(n)tt, SIlSfCGR I NU>X£ 



(6) 



10 



20 



{ NF(H) - NC(H) } 

</>lGS : mim^OGR I NU>X©ffl©)B«T* 
01GM : »1»*<DGR I NU>X©JKIt(3[>ra*f*r* 

R I NU>XCD)SJf*%*iG £ir£<t. WT©5£ra 

4>1G = 4>1GS + 01GM 

<*>igs ttU>X4^»u>XiL/5rt»^cc>fflJf*(®JT 

* 1GM = -2Nldl ■ TIG 
tctcb. 

TIG : f& 1 IffcfrDGR I N U>X(EM>JP 
Nidi : ffH^OGR I NU>X©dl«C*rt"S2;ft 

[0 0 3 5 ] &#5K(10)tt, ^lSfiCGRI NU>X£ 
/Bl>fc»£K\ ^©GR I NU>X^SJfc*r^**fr-C 

l^*s©rssi/<&i>. *#scio)<dtih£ 

jg A £ <b v fflff*^©j#ofi©ffl»r*^# < ft o <r 
*t\ BO«*t*3»E«:** < ft 0 , ^ * y^-;WijE 

ttiEtfHM t ft ^OTl^ u < ft \i\ 
[0 0 3 6 ] ®lgf£GR I N U >X 1 ttrtMT *» 
^ ««Cc5»riDflH*i*^fiU>X^, ftfHWfcflOft 

« i aaffittut n viR^«:/hs < -r & c t 

e & , * i m<om&&tems u >x<D&6fflijccft &© 

[0 0 3 7 ] mimcGR I NU>X*fflt*5i8^ ^ 
©GRIN U>X«, J&lT©*fr*i8fc-rc <b^M* b 
C^ 0 



Rll )< 0.0 (11) 



30 



40 



50 



(6) 
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[ 0 0 3 9 ] m 1 #©U>Xfc#«ffi*flH»S»£, 
0 < H < rtnax CC&l>T v 

-6.0 < (*a - </>0a < 5.0 (12) 

tctcb, s 

00a :#«fficr>SS 



tfl : m 1 3¥<Z)jg#MrC * 0 , ^ a 0a B£| 

*a = Calo ( N(H) ' — N(H)) 
00a = CO ( NO* -NO ) 

Calo :*Scffl©SiS3T©SBfW&ft* 
CO :&fm<D3m$b& 
N(H)' : *«ffitlft»MM©#*St?CDffl»T$ 
N(H) : #«ffiMiJ^HOSWS"CCDS»T$ 
no 1 : ^^ffi^lftfflTOMcOTtliir^/Sffi 1 ^ 

-1.0 < { i>d(H) - 

vd(H) : GR I NU^XftTftm^mM.teliftlCTgZ 
H/£Wllthfc*r©»»<i^. (6) <t 151 

-0.1 < (N1A2 -Nld2 )/4>2G 2 < 0.1 (15) 
Nld2 : I NU>X©d«CC*rrS2;JC 

N1A2 :»2»+©GR I NU>X<DC«Sc;FJKK:S* 

02C :^2»*©GR I NU>XOB8r*. r&&„ 
I N2d2 /02C 4 | < 100 (16) 

N2d2 :^2gp*©GRI NU>XOdmtCttt2>4'X 

<t>2C :fl»2»*©GRI NU>X©JSJr# v V&6 0 
®2g¥CCGR I Nl/>X*ffil^i|& v GRINU>X 

2»fCGR I NU>X4ffll^c»^«C*©GR I NU> 

ftS(i3), (i4), a3)©«H&a*.fc»^ »2#rtr 

[0 04 2] £2g¥{CGR I NU>X4/Bl>5*B£, G 
R I NU>Xtt, aT^Mi/ctci^S^lc^ 

0.0 < (R22 + R21 )/(R22 



10 



*no : }mmmmmo%M±v<Dmttmv&z. 

<*rSCi(C3tc«3SI*L<«c^. *fc. ^fr^(i2)©T 

[0040] mim*®\s>zic}mm%m^z>m&. 

[0 04 1 ] »2SCCGR I NU>X£ffll>£if^C 

0 < H < O.SHmax <Dffi&1iCtsli>X * 
d/dH (vd(H)} < 0.0 (13) 
0 < H < Hmax CCte^T, 



* 



^d(O) } / vd(0) ^ 0.0 (14) 
* [0043] 

-0.5 < 4>2GM/4>2GS < 1.0 (17) 

4>2GS : ^2gf*©GR I NU>X©ffi©/SJr^). 
<*>2GM : m2M*p(DGR I NU>X©$M©J3flttK 
CCC0 2CS , aCJ p *2CW», »2#*fcm>SGR I 

02G = 0 2GS + <t>2QA 

</>2GS ttU>X4^MU>XtLfc»^©Ja*r*Cffl»T 

</> 2GM = -2Nld2 • T2G 

T2G : H2Sf*©GR I NU>X^C#, 
Nld2 :^2»*©GR I Nl/>X©d«CC^S2^C 

R I NU>X£JBt>fcf#£{C, ^©GRINU>X*«i 

[0 04 4] »2»CCGR I NU>X%ffll>St|^ G 
[0045] 



- R21 )< 10.0 



(18) 



(7) 

XI 

R2l :®2fflf!g5f*fflJffi(Dft**S, 
R22 :Slf28¥Mffi®ft*m 
[0046] »2#fCGR I NU>X£ 

JBC>fc»£©GR I NU>X©U>XJ^fcWrS*>© 

fl=s£ (ifi)©TIR*iH*. fc»£K: tt«5UK£# * - ^HM 

[0 04 7 ] i&2l¥£GR I N U>X 1 tScr«flE"J-*» 
GR I NU>Xtt«KMB«c9S^ifSffi*fipoiEU>>C 

K ^tifcj:-^ »K*llJ|jai*HiE , r*Ci3W'C* 
[0 048] ^/c^2fif*©b>X(C 4 >J>&< ifcl 

SS&WIKtetK £Hft&X~Ar*0&#6, 8¥<D$ 
OMR* AS 1 ftiC^*ftC>*J^«iSW-4C 

20 

[0049] »2fl¥OU>XKIWB«ffll^iad t * 

o«^i*aT©^t»fcTct#a*iyi>. o< h 

< ttnax 5C*Jl»T. 

-6.0 < (0a - </>0a )/02 < 5.0 (19) 

0a :*»ffi©aBf«&BSf*. 

00a :#Sffi©^ft*K<fcSJSfr;fc, 

02 :»2#©H*MJ. 

0 a = Calo ( N(H) ' — N(H)) 30 
00a = CO ( NO* -NO) 

tctcL, 

Calo : STOJBffWft ft*, 

CO : #«ffi<D»mft* 
N(H) 1 : #«ffi«jftflHIK»©#lS3"C<OHST*, 
N(H) : ^^MW*Oft*3'CCE>R*r*. 

no ■ : ffimfo#m»no^±v<Dim*s 
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